Nano Vision, Vol.1 (2), 68-73 (2011) 



Synthesis of Cu 2 0 Nanoparticles Using Simplified 

Polyol Process 

K. KARTHIK" and S. PONNUSWAMY b 

'Department of Chemistry, Kumaraguru College of Technology (Autonomous), 
Coimbatore - 641 049, Tamilnadu, India, 
department of Chemistry, Government Arts College (Autonomous), 
Coimbatore-641 018, Tamilnadu, India. 

ABSTRACT 

Cuprous oxide (Cu 2 0) nanoparticles have been synthesized by a 
simplified polyol mediated thermolysis process without adding 
any surfactant or capping agent. The average size of the particles 
is in the range of 17-57 nm calculated from XRD spectrum using 
Scherrer formula. The effects of reaction temperature, 
concentration of the chemicals and reaction time over the size of 
the Cu 2 0 nanoparticles have been studied. The SEM images 
revealed that the Cu 2 0 particles are in the cauliflower like 
structure. 

Keywords: Cu 2 0 nanoparticles, polyol process, cauliflower-like 
structure. 



INTRODUCTION 

Cuprous oxide (Cu 2 0) shows a 
unique electronic structure for applications 1 
15 , in particular those related to chemical and 
photochemical processes such as the 
splitting of water under visible light 
irradiation 1 6 . The electron-correlation effects 
on the electronic structure of transition metal 
compounds and the high Tc super 
conductors can be studied using both Cu 2 0 
and CuO 7 . It has been found that Cu 2 0 
microspheres can be used as the negative 
electrode material for lithium ion batteries . 
In addition, Cu 2 0 has attracted the 
researchers due to its importance in P-type 



semiconductors 9 ' 10 . The fabrication of metal 
oxide semiconducting nanomaterials with 
large surface area to volume ratios for gas 
sensor applications is currently a major 
focus on nanoscience and nanotechnology 11 1 . 

Many differently shaped Cu 2 0 
nanostructures have been synthesized using 
various approaches such as 
electrodeposition 16 ' 17 , thermal relaxation 18 , 
sonochemical method 19 , vaccum 
evaporation 20 , solvothermal method 21 and 
liquid phase reduction of metal salts 22 ' 23 . 
Disk-like Cu 2 0 nanostructures have also 
been synthesized using polyol process by 
adding PVP K-30 as a capping agent 7 . 
Herein, we report a simplified polyol 
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process to synthesize the Cu 2 0 nanoparticles 
without adding any surfactant or capping 
agent. In this process, the polyol 
(polyethylene glycol-400) could serve as 
both solvent and reducing agent. 

EXPERIMENTAL 

A typical procedure is as follows: 
50 ml of anhydrous polyethylene glycol-400 
(PEG-400) was mixed with 3 g of 
copperacetate monohydrate salt in a round 
bottom flask equipped with a water 
condenser. The reaction mixture was green 
in colour and it was allowed to reflux at ~ 
360°C for 3 hours. The green coloured 
reaction mixture was changed into reddish- 
brown colour. Finally, the resultant sample 
was filtered, washed with acetone, dried in 
air before further characterization. The 
reddish colour of the sample reveals the 
presence of Cu 2 0 particles. 

RESULTS AND DISCUSSION 

The crystal structure and average 
particle size of the Cu 2 0 particles were 
analysed by X-ray diffraction (XRD). The 
morphology of the Cu 2 0 particles was 
analysed by scanning electron microscopy 
(SEM). The XRD pattern of the prepared 
Cu 2 0 particles is shown in Figure 1. It is 
observed that there are much broader and 
less intense peaks in the XRD spectrum, 
owing to particle size broadening, which 
occurs when a sample is made up of very 
small crystallites. The broadness of the peak 
can be used to calculate the average 
crystalline size of the Cu 2 0 particles using 
the Scherrer's formula 24 , (D = 0.94A/ PcosG), 
where 0.94 is a constant value known as 



shape factor, X is the wavelength of the X- 
rays, p is the full width at half maximum of 
the diffraction peaks and 8 is the angle of 
diffraction. The XRD pattern of the as 
prepared Cu 2 0 particles is in good 
agreement with the reported XRD pattern of 
Cu 2 0 particles 7 . 

The average crystalline size of the 
Cu 2 0 particles calculated using the 
Scherrer's formula for the Cu 2 0 sample 
shown in Figure 1 is in the range of 29-37 
nm. The peaks at 28 values of 36.365° and 
42.246° are in good agreement with the 
cubic Cu 2 0 phase and correspond to 1 10 and 
200 lattice planes of standard crystalline 
Cu 2 0, respectively 7 . The morphology was 
analysed using SEM and it shows that the 
Cu 2 0 particles are cauliflower like shapes 
(Figure 2). 

In order to study the effect of 
reaction temperature, concentration and 
reaction time over the size of the Cu 2 0 
nanoparticles, the reactions were performed 
at different reaction conditions and fifteen 
Cu 2 0 samples have been synthesized and the 
average size of the particles is in the range 
of 17 - 57 nm. The results along with the 
reaction conditions are presented in Table 1, 
2&3. 

The results of the XRD spectra 
revealed that the increase in reaction 
temperature decreases the size of the 
particles up to 250°C. When we increase the 
concentration ratio of PEG-400 to 
copperacetate monohydrate, the size of the 
particles also increases. Hence the 
concentration of the constituent chemicals 
can control the size of Cu20 particles. The 
size of the Cu 2 0 particles is insensitive to 
the reaction time above 2 hrs to 6hrs. 
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In summary, cauliflower shaped 
Cu 2 0 nanoparticles have been synthesized 
by a simplified polyol process without 
adding any surfactant or capping agent. The 
average size of the particles lies in the range 
of 17-57 nm calculated using Scherrer's 
formula. XRD, SEM investigations on these 



Cu 2 0 particles have been carried out. 
Though the reaction time may not have a 
greater influence on the size of the Cu 2 0 
particles, the reaction concentration does 
have an influence on the size of the Cu 2 0 
particles. 
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Figure 1. XRD pattern of obtained CU2O 
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Figure 2. SEM images of as prepared Cu 2 0 nanoparticles 



Table 1- Effect of reaction time 



Sample No. 


Concentration 


Reaction 
temperature(°C) 


Time duration(Hours) 


Size of the 
particles (nm) 


Sample 1 


50ml PEG+3gCA 


360 


2 


32-42 


Sample 2 


50mlPEG+3g CA 


360 


3 


28-36 


Sample 3 


50mlPEG+3g CA 


360 


4 


30-41 


Sample 4 


50mlPEG+3g CA 


360 


5 


26-38 


Sample 5 


50mlPEG+3g CA 


360 


6 


37 



Table 2 - Effect of Temperature 



Sample No. 


Concentration 


Reaction 


Time duration 


Size of the 






temperature (°C) 


(Hours) 


particles (nm) 


Sample 6 


50mlPEG+3gCA 


100 


5 


21-22 


Sample 7 


50mlPEG+3gCA 


150 


5 


20-21 


Sample 8 


50mlPEG+3gCA 


200 


5 


18-22 


Sample 9 


50mlPEG+3gCA 


250 


5 


17-19 


Sample 4 


50mlPEG+3gCA 


360 


5 


26-38 
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Sample No. 


Concentration 


Reaction 


Time duration 


Size of the 






temperature(°C) 


(Hours) 


particles (nm) 


Sample 10 


50mlPEG+2g CA 


250 


5 


33 


Sample 11 


100mlPEG+2gCA 


250 j 


5 


33-49 


Sample 9 


50mlPEG+3g CA 


250 


5 


17-19 


Sample 12 


100mlPEG+3gCA 


250 


5 


57 


Sample 13 


150mlPEG+3gCA 


250 


5 


45 
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